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Impiwcmcms Tp2EeJ2ei^^ 



The present invenuon relates to sensors for detect.ng unwanted flames w.th.n a 
designated area by n.on,tor.ng for charactenstrc rnfrared rad,at,on emmed by such flames. 

Flame detection sensors are kno.. wh.ch monttor a region for the charaCenst.c mf^ared 
radtation emttted by a flame, the detect.on of such radtatton being taken to be an 
ind.cat.on that a flame ts present and that a f.re alann should be .gnalled. However, 
,n,erfenno. or false alarrr. rad.at.on sources, for example halogen lamps, reflected sunl.ght, 
d.scha.-ge^amps, electr,c welders, hot p.pes etc, are often also present .n a monUored 
reg.on which can lead to a sensor tncotrectly detecting the presence of a flame, 

Ex>stmg mfVared flame detectors use a vartety of different technolog.es to gather as much 
.nformatron as possible about the radiation em.tted w.thtn a target area wrth.n hmtts set 
by cost, complexity, rel.ab.hty- and s,ze. A typ.cal ,nfra-red flame detector kno^vn .n the 
art monitors for rad.at.on emrtted by hot carbon d.oxide w.thm a natxow wavelength band 
around a wavelength of 4.3^.m and compares th.s to the radiat.on at a nearby wavelength, 
eg 5 6pm For flames, this spectral rafo of the radiation mtensity at 4.3pm to the 
.ad.ation intensity at 5.5pm will be much higher than would be the case for rad.at.on 
emitted by any other source at the same temperature as a fla.ne, a..d th.s alone g.ves a 
„ood md,cat.on of the presence or absence of a flame. Th.s system may be 
implemented by analysis of the flicker fVequenc.es in the signal or by exam.nmg the 
correlation of the s.gnals at the t.^0 wavelengths. The control system for such an 
arrangement is t,.p.cally programmed w.th a preset threshold value for the ratio of (4.3pm 
Intensity) / (5.5pm Intensity-), and if that value rs exceeded for a preset time, then an alarm 
will be activated. 

Th,s basic svstem has the problem, however, that it fails to correctly identify a f,re 
Situation .n certam circumstances. In particular, .f an mtense false alarm rad,at,on source 



. present as well as a flan.e then the 4.3.ura 5.5um mtensit>- ratio will be dont^nated by 
most ,nten.e source present and the relauvety low tlux of the 4.3um radiation tron. a 
\,.tant or weak flange w.ll not be registered wuh sufficent accuracy, resulting m the 
iJstcm tnferr.ne front the value of the nttetts.ty- ratto that no flame >s present when, tn 
flct there .s. Furthem.ore, son.e false alam. sources can generate a spectral output that ,s 
ver^^ tlame-Uke. Thts can happen ,f the source has entm„.g parts at very^ different 
.er^p^ratures as tn a convector/rad,ator electnc tire or ,f the source ts not a tme black 
body as w.th mercury or sodtum discharge lamps (such sources em.t rad,at,on over a large 
number of narrow wavebands). 

.,,aer to overcome thts problem, use of an array based mfrared detector has been 
..oposed nt wh,ch an tmage of the protected area .s focussed onto a foca, plane array^ 
a devtce. when combtncd w,th appropnate s,gna, processing, can allow estimates o 
aneular stze of one or more emitting objects and analyse the. mtema. structure and 
„oven;ent for flame-UVce features. Unfoitunately. it is not always possible to maUe an 
..ar^btguous decston on whether cena,n objects are Hames without *e s,e^ 
,nformatton described above. The use of two such a,.ays overcomes this prob lein Since t 
,.H1 then be possible to calculate a value of the ratio I (4.3,nt)/I (5...pnt for each 
.eparately focussed object. This solut.on is, however, very expensive due to the 
;.e,utrement for two h.gh-resolutton sensor arrays and may be too costly for many 
applications. Other systems have been proposed which use mechantcal scanmng 
atxaneements, but these have the drawback that obse,.-atton times are reduced and fast 
event; mav be m.ssed. Funhermore, ,n certain application areas there may be 
coi^siderable customer aversion to the use of mov.ng parts .n an apparams. 

.ccordtng to the present mventton there .s provided a Oame detection apparams 
"compnsm. means for generating an .mage of the .nfra-red radiation emitted wnhin a 
v,ewm. rieion. means for measuring the spectral rat.o of the intensity- of rad.ation havmg 
a first wavdeneth emitted wtth.n the v.e.nng region to the intensit,- of radtation having a 



.econd wavden^h cn.rtcd w.th.n the repon, and proccs.ng means wh,ch analyses the 
out,.uts of sa,;i.ase gene.aung a.d spectral .at,o n.easunng .eans for responses 
indicative of the presence of a flame. 

„a„,e de.eCon ,pp.™t.s ,„ ««. inv=n.,.n ha, ,he „<,v™uge ,hM „ 

l,.,e, pan,c„,aH, ace„,..e an. ,.„a.,e «ec„o„ =. «-» ,„ . n,«n,,orea c,e„ 
,„ the pre»nce of intorferins or fake al.m, radiation sources 

T„e ™a„s for .encr.t.n. a- inra^e of,.. „.(r.r=a ra.i.t.oo .„i„r<. 
lea ,s a prefer..,, focu.«> array base, .ensor respo„s,ve ,0 -a.iat.on ha™ a 
:,:*f„..a Leieo*. preferaH, in the ,«e 2 .0 , 5^. ^ te^r an array rr,.^ .n *, 
i;.„,e„, refers ,0 a »o .,™e„s,ooa, a„.y, w.e. .yp.cany co^pnses a ,6 .y 6 

of sensors, *c„ ,s aHe ,0 .encr-e a two d.mensiona, rnra.e of a v.e^.g ^eld 
"llore, the ,ne„s for ™as„„„. »p=e.ra, ra.o ine.odes a. ,e„. one onfoc^sea 
errso, ,*,e. .neasare, rad,a„„„ e„,nea w,.in the re.on havto^ one 
l"r., ana se=o„a »a.e,e„^.. ™s has the aa.sn.age .ha.. s,nee th. system on,, 
a s..„. foeosea array sensor. „ » n.aeh cheaper than poor ar, syst.nrs of 
comparable accuracy and reliability. 

.„ one enthodtnten, of .he invention, the „.y sensor .s s«,si,ivc ,0 on. of the f.rst a.rd 
cond ™«,en.hs. prefcr.hiy the »ve,en^h which i, ,.,p.. and the _ 
sensor „ responsive ,0 the other of ,he ^rst ana second waveien.ths. prefera ,y -he 
l„a ...velen^h which is «p™, the processing ™e»,s s— . the ,0.., rad.at.on 
: Lent on ,h. array hased sensor and contpar.. «.h ,h. oa^n. of the _ 
.csor in oraer ,0 ea.ea.ate th. specha, r.tiO, This „.s the advantage o red c S ^ 
„„„her of components in the sys,«n ana h»e. „s contplex.ty a„a cos,. Pre era ,> 
™ L ,h. svs,.n, .nCndes voian^.c seniors, one ,h., oper.,es a, ,he rs, 
: ,en.h and , he o,h„ „ ,h. second «av.,ena,h. .he ootpa. of ,h. »o 
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compl«.t> of .ta proc.ss.nS! r..«a„s required .o «p.r»e the m.em, 

p„f„.Mv .„. f.rs, .v„e,e,„.h 4 -^^^ »"nd ™«,e„«h is 5.5,n,. .here (.in., 

\„„ defined ...es.old fo, ..c spec», r.„o r.s-n. .her. ' 

.ceded ^ov,d.s . s,ro.,» ..,a,c»o„ of .he presence of . .>*o»,.o„ n n... 

^o.^.. o,.„ .v„e,.„^.s co.d osed, for e.„,p,e » 
4..;™, in o;der ,o e«,H. o.her ..pes of n-e, .n parricol.r „o„-,.y<.,oc„bon „.n,es ,o 

detected. 

T„e operaoon of .he h. fur,h» .n-proved V,y prov.s.o. of . second foensser, 

Iv Led sensor resp.ns.ve ,o r.d,a.,on h.v.n. . .,ve,e„„h wh.ch .s d.tfer n, . „ 
L. of sa.d f.rs, focnssed h^cd sensor. A.so, . funh.r — 

Isor „.V V,. ».d -c„ ...snres .he .n.ens,.,. of shor, wavelen.nh or v,s,.,e rad^aPc^ 
Zs has , . adva„.a.e of funher redncn, .he .ns.ances of fa,s. aU™, h.,„g sound ^ 
1 s,.s,e™ due .o. for examp,., d.rec. sunhgh. hi.nd.n, .he s>s,e„ Purrhermore, .. »s, 
!„elnh„ sensor wh.eh n« a, ,eas, on. of: .he .e„a, .e,„p.ra„e, ,he ra.e of „se 
of .e„.pe,an.re and .he vibr.„on wi.hin ,h. n,on„or.d ar.. may ..so being n.Cuded ,„ ,c 
,„,en, which furt,., infor™.ho„ „«, b. u,„is«i by .he processing mens as a fur..,er 
eonfimranon of ,he presence or absence of a fire wi.h.n ,h. v.e^os 

The presen. invem.on funher provides . me.hod of de.eeong a fi.n.. conrpHs.ng .he s.eps 
0, ...easurrn. d.e in.ens,.y of rad.ar.on hav.ng a f.rs, .ave.eng.h .vi.hin a „,o„,.ored 
resHon, n,e.su„„g .he ,„,..s,.y of r.d,..,on hav.ng a second .,ve,eng* .-..h.n he 
„:n.,or.d r.g.on, o..ou,a.,„g d,e spccrra, ra.,o of .be .n.ens,.. of ,he radia.ion h.«ng n 

.vavelengtb .o .he in,e„s..y of .h. radia.ion hav.ng ,b. second «ave.e„g,h 
„,.par.ng ,. .o a predefined .hresho.d va,». .ndic.v. of .he presence of a .lan,.^ 
„„era.,n an ,„,a.e of .h. .nft.-red radia.ion w..h,n *e „,on,.,r.d r.g,o„, ana.ys.ng -he 
for fca,ures .nd.C.ve of ,he presence of a fiame wi.h.n .he nro.i.ored r.g.on. and 



act. at.:ng an alam. ,f the results of the spectral rat.o analyses and the m.age ar,alys,s fit a 
predefined profile indicative of the presence of a flame, 

Pveferablv the first wavelength is 4,.nim and the second wa^ eleng^h is 5.5,m. particularly 
effect dciect-on of hydrocarbon fires thereby being possible. Howev er, other wavelengths 
,.ay also be used in order to detect other types of fires, such as non-hydrocarbon fires, in 
particular 2.9^m. 

m the preferred en.bodtn.ent, the analysis includes the steps of discerning the number of 
.eparate dv.amic radiation sources present in the viewing area and analysing at least one 
of the shape, movement and intensity^ of each source for predefined flamc-Uke quahties. 

Accordm. to an advantageous development of the invention, the method includes the 
fiirther step of measuring at least one of the actual temperature, the rate of nse of 
temperature and the vibration within the monitored region, and analysing the 
characteristics thereof for behaviour indicative of the presence of a flame, by means of 
which additional infom.atron is available to the processor for confim^ing the presence or 
absence of a flame. The accuracy and reliability of the system may be still further 
.n.proved by measuring the intensity of at least one of the short wavelength radiation and 
the visible radiation vvithm the viewing area and analysing the profile thereof for 
characteristics indicative of a non-flame radiation source. 

in order that the invention may be well understood, there will now be de.scrrbed some 
embodiments thereof, gtven by way of example, reference being made to the 
accompaTi>'ing drawings, in which: 

Figure 1 IS a schematic representation of a flame detection apparatus of the invention; and 
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F,<nare 2 'is a llow diagram of the steps followed by a processor associated with the 
apparatus of the invention m identifying the existence of a tHame m a monitored region. 

Refemna to Fmure 1. there ,s sho^^. a flame detection apparatus 1 composing an array 
detector 2. an unfocussed volumetric 4.3,m detector 3 and an unfoctissed volumetric 
.uard channel 5.5um detector 4. The array detector 2 senses a focussed image of the 
;,„,„ored area whilst the ^-olumetnc sensors ^•lew of the scene is unfocussed. The field 
of ^•,ew of all three detectors ,s similar and will t>Tically be approximately 90 degrees. 
The apparatus also includes a processor 5 which receives the outputs of the detectors 2,3,4 
and actuates an alam. upon detertnining from those outputs that a flame is present m the 
monitored area. 

The outputs from the Uvo volumemc detectors 3.4 are electronically processed by known 
means so as to produce numerical estimates of the overall signal level and of the spectral 
ratio of the t^'O channels. Temporal analysis of this data will also produce a simple 
characterisation of the modulation frequencies present m terms of the centre frequency 
,nd bandwidth. The processor 5 uses this infom.ation to give one of tl^ee initial 
assessments of the scene once activity has been detected: flame-like, non flame-like and 
,ntermediate. The output of the an-ay detector 2. which in the illustrated embodiment 
.ncludes a 4 3um filter 7 to enhance flaitie discrimination, is also initially analysed to give 
one of tl^ee assessments of the scene: (T) saturation or nonsense; (2) single source 
present- (^) nvo or more angularly separated sources present. Finally the processor 
analyses the temporal and spatial characteristics of each source that ,s detected to decide 
w-hether the data is compatible with kno.-n characteristics of a flame and the size of the 
source in angular terms. 

Lsmo the mfonnation obtained from the sensors, the processor is able, then, to analyse 
r'adiation sources identified m the monitored region, and, followmg the steps she. ,n 
t,e now diaeram m Figure 2. and m tables 1 and 2 below to decide whether and what t>pe 
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oi ala.™ should be activated as explained belos.' ,n 
which can be expected to anse m a tncmitored region. 

Tahle 1 

inteniied\ate 



connection with five mam scenanos 



Non-Fl^'it- Like 



Flame Like 



Array 



Saturates or 
Two Sc^urr-es 




Tabled. 
p«-ri<:ion Tree 



1 Initial Assignment 


UUch Scenarios 


j Decision Tree ani 




\T^c close fue or 




r 


1 Tamper or 


1 If temperature is J 




Fault 





B 



1 F 



If self test s\ -stems 
Fire! 



sbov^Tiig a large nse; Alert! 
correct and situation persists: 



ProTxiblc fire 







c 

1 

1 


r)ecp sooty fire or 
Composite f-As^ alarm. 


F 1 

1 

1 


Probable False Alarm 


I 
i 

\ 

i 

1 

! 


l^^roJ^blTfire m presence 
alarm 



Alert! 

I If a^av d..t. conr™s flanve Wre^ features m at 
least one identified soiirc^ then: F»rc- 



i u .^y d.,.a c-fum. nan^ t>ke f«.turc. *™ 
I indicaUngnselhen Fire! 



\ flane-likc and grog's then: V\ arr.>"S- 

I 



1 u^isters. Fire! 



alarm 



i Monitor smaller source "^'"S'^''^ ^"j^l^ 
; like features pre^t or f:ro^.* obscncd 



table 1 ,he.e are she. s>x categonsed outcomes fron. the .n^.-ial assessn.cnt that has 
,een carr.ed out bv the sensors. Each of these outcottte. no.- becotttes the stan ot a 
aect.on tree tn .vhich add.ttot.al data front the sensors ,s ntade use of by the processor 
wrll be understood that the analyse suggested by the schen.e of Figure 2 and Tables 
and ^ ,s betng catrted out conttnuously. Also tn a complete .nsrruntent fltnher data 
anaK^ts wtll be perforrt.ed that rs not relevant to th,s tnvent.on and thrs could lead to 
further hardening of the 'posstble' and 'probable' categor.es. 

1) Singl e Fals e_ A]ami Sourc e 

,He tlr^et area, (vvhtch w.ll t^p.caUy be a hot object such as a halogen la,.p or an electnc 
rrre) in a srntple case, the output of the a,.ay 2 may be suff.c.ent to detemttne that the 
object has no flame It.e character^sttcs. However, modulation of the source often occurs 
pract.ee, for example due to objects moving .n front of rt, and thts can cause Oame l.ke 
charactenstrcs whtch mtght result ,n the output f.om the array detector .xongly 
.dentiiymg the source as a flame. In the presence of such a false alarm source with ,.0 
;.me preLt. however, the spec.a, ratto measured from the source wtU fall below the 
p.edeterr,tmed value for a flame, and the system of the present tnventton therefore uses 
Ls mforxnation as a primary factor m ma.mg >ts determ.nat.on as to whether or not to 
.cttvate the alam. As a secondar.^ cheC, the array output can be farther analysed for 
nan.e-,tl.e spattal features tn the target such as size, movement and shape, and w,th al 
detector mfot^tation combined, the false alarm can be positively identified with a high 
degree of certainty. 

2) Sm de Fla me^alcjoseraneg 

.V.e„ a «™e ,s p,e», Cose ,„ 0,e «e.,on appar... »v„, p,.e,s „n„. „a, se„» 
„,„ ^ .>.„™n.,ed. .P.b,™g re„ab,. ap.U .s of ,he sou™ fo, n.™=->,k« spa,,., 



charactenst.cs to be carr,ed oul. The spectral rat.o calculated from the outputs of the 
unfocusscd detectors 3. 4 .v,ll also indicate that the source ,s a flame, and the alann can 

be activated with a high level of certainty. 

3) Snigle Flanie^Uon^range 

^V^.en a flame ,s present ,n the v.ewtng area a, a long d.stance from the detection 
apparatus so that perhaps only a smgle p.xel of the a,-ray detector ,s Ulun.nated, the 
speci al ratto calculated from the outputs of the unfocussed sensors w,ll still g.ve a good 
identificatton of the presence of a flame. The output of the array detector will give 
cneater confidence to this identification since the angular size, position and intensity of 
flic .ource are knov.-n and must follow reasonable limits (e.g. a wide source of low 
mtensity cannot be a flame, and a source that is moving as an entity over large angular 
distances cannot be a flame). Accordingly, the source can be identified as a flame and an 
alarm activated with a high probability. 

4) R»tha fla me and a false alrnn source at closeran^e 

With both a flame and a false alamr source present close to the detection apparams, the 
spectral ratio calculated from the unfocussed detectors 3,4 will be comipted by the 
rad,at,on emitted by the false alarm source. However, w.th the flame close to the 
detector the value of the spectral ratio will still exceed the predetemrined threshold value, 
leadmo the processor to deter^iine a flame is present with reasonable certainty. 
Furthermore, provided both sources illuminate several pixels in separate parts of the 
array then structural features such as shape, movement and intensity derived from the 
ai^ay by the processor will provide confirmation of the spectral data and could also be 
used, in an advanced configuration, to determine the direction of the fire. 
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,f . .T™ .s pre„n. ,oge,„.r . ,* an ,n™« fal. aU™ s„u„e, .h= f..™. being loCed 

;e a„„™a„d .V ,he f.,« so„« » spec„, „>,o CC.e^ .™ • 

„,^u, of ,he vo,u™»ic de,e.»„ 5,4 « fa., be.o. ,h= th,.*o,d va,„ f„, *, a,a™ o 

le au™ s„„„e, ,.e e»»nce of. .... „.n,e w,„ .H., ... »^ 

...iflea™ c„„.*u„r ,o ,He see„ by ... »focua.. de„c,o„ ,,4, 

t„ « ; . re.,.«e spec.,.. »,„ ca™,. ^ «... ..o„= ,n 

11, Of ..e p,=», ,.„„o„ ™. .ave ,„ff,c,.„. con«.„« ,n 

leno. of . .o .Cva-c a.a™ », po»«v aCva.e a ,e.„ 

: :L „ .«ap,ove of «,,e. .. ,.>,s .»a„o. a.*,o„,, .^a 

anay. may a.so l,c pcformed by the pressor. 

„ u„..,.oo. from ,he abo-e .hi.s, ,y..™. of ,he pno, « .,e ab.e ,o 

' „fo™ ,e.,.b,y ,n on. „ p.,.,ap= " — ^-^^^ 

:i,„o„ provdcs . sys.e„, . ,e.,.b.y -o .e,ec, . B... ... .-^.sb „ 

from . false a.air, source in ... pr.cica. scenanos. 

f„ p,.c,ice, .be sysfcn. ™v bo p,o^.n»». -o P-o-.e one of fo. .,fa.,e„, ..^ 
ILse. aeP»a.nS *e e„.,bo„s *ob a.e ..see... wnb.n ibe v.e.an, 

namely- 

ActiviO-: whe. energet. .ad,at,on sources have been detected . the scette but are 
probably not flames. 

Warning! where there is a poss,b,Ut>' that flames are present; 
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NK V.ere there is a high probability that flames are present; and 

Fire! 



^^^.ere there ,s a h,gh probabiht>- of flames wuhm the n.onitored area. 



The rcHabihty of the systen. may be further ^.proved by tncU.dmg an absolute 
temperature sensor on the instrument casing, the output of which may be utilised by the 
processor as a further factor m asceitaining the natwe of a radiation source located withm 
a.e viewm. area. Other sensors which might be utilised to improve the operation of the 
svstem sun further are a rate of rise of temperature and a vibration sensor The system 
^ay also include a third tinfocussed volumetnc sensor wh,ch measures the intensity o 
short wavelength or visible radiation. In this way, it ,s possible to denve additiona 
..formation abotit false alarm sources such as the sun and welding equipment, which 
further enhances the systems reliability and accuracy. 

in an altcmattve embodiment of the invention not illustrated, the processor could denve 
an estrmate of the total radiation around the 4.3^m wavelength for use in calculating the 
.pectral ratio by summing the total 4.3pm radiation incident on the array detector 2. 
this way the 4.3pm volumetric sensor may be dispensed with. The system may then be 
ftmher enhanced by provision of a second array sensor which operates at a different 
wavelength to the first. 

U some situations, it may not be necessaty to restrict the wavelengths incident on the 
a^av detector to around the 4.3pm wavelength. For exantple, a wide band sensor 
covering a ran.e of approximately 2pm to 15pm would image hot objects that were not 
necess^ly Hames. This would enable early detection of a smouldering fire or of objects 
that were heated by an obscured flame. U would also enable the flame detector apparattrs 
to function also as a person or antmal sensor in a secunty application. 

,n very severe condtt.ons, ,t is possible that the apparatus of the invention could be 
bunded by very intense light or confused by an intense very close fire. In order to 
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ovcrco™ ,1» probl.™, .he app^.n,. co»ii b. equipped w„l, ,dd.,»..l lo-v co:,. 

„„P.„„ »d ™e „,e or ,e„,p...... T^e p„v,s,on of .«,„o». .»s»s 

..„„U, .P.l,.e ... p,oce.», .« ^ve a ,e,„«e .nd.Clon of *e si««io. m c,-cu™.a»es 

where the primar,' detectors are blinded. 

,U.oa.h the above en^hodtments have been descnbed tn re.at.n to n.on.tonng a region 
^r'hviocarbon flan.es and the operating wavelengths of the various detectors specinea 
.ccordmHv ,t will be understood that the system of the invention may also be utihsed 
l.or ;;iior,-hydrocarbon fires .y va..n. the _hs to which the detectors are 
responsive. For example, if the 4.3 pm volumetric detector is replaced by one responsive 
,o ^ . um the svsteni can be used to monitor for the emissions from hot water vapour. 
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Clai ms 



1. 



A name de.eoon apparam. con.pns.ng means for generating an image of the 
,„fra-red rad.at.on emmed w.tMn a v.ew.ng region, means for measunng the specrra. ratio 
of the mtens.ty of radtatton havtng a first wavelength enntted wnlun the v,c. ,ng region ,o 
the .ntens.t>. of radtation havtng a second wavelength em.tted wthtn the regton, and 
proccssmg mcat.s whtch analy.es the outputs of satd tmage generatmg and spectral rat,o 
nieasut^ng means for responses indicative of the presence of a flame. 

. A flame detect.on apparatus according to claim 1, wherein said means for 
Generating an image of the infra-red radiation emitted witlnn the v.ewmg area >s a 
Jocussed array based sensor responsive to radiation having a predefined wavelength. 

3 A flame detection apparatus according to claim 2, wherem the array based sensor 
,s sensitive to radiation having a wavelength withm the range of substantially 2 ^.m to 15 
pin. 

4. A flame <ictect,on apparatus according to claim 3, wherein the array based sensor 
is sensitive to radiation having a wavelength of substantially 4.3 h-™- 

S A flame detection apparatus accord,ng to any of claims 2 to 4, w-herein the means 
for measunn. the spectral ratio includes an unfocussed volumetr,c sensor which measures 
ovfrared radiation emitted ^^.thin the viewing region having said second wavelength, 

6. A flame detection apparatus according to claim 5. wherein the second w-avelength 

IS substantially 5.5 ^im. 

7 A flame detection apparatus accord.ng to claim 5 or claim 6, wherein the means 
for measuring the spectral ratio further includes the array based sensor which is sensitive 
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8. 



U> rad,at.on hav.ng sa,d first ^va^■eleng,h so as to enable the total an^ount of rad,at. on 
l,.,vii.-^ sa,d first wavelength wh.ch ,s entmed w.thm the v.ewmg region to be calculated 
and compared wuh the output of sa,d unfocussed ^■oIun.etTk sensor m order to calculate 
said spectral ratio. 

^ narrte detection apparatus according to claim 5 or cia.m 6, wherein the means 
,.r niea.unng the spectral ratio funher includes a second unfocussed ^■olumetnc sensor 
which measures mfra-red radiation emmed ^^.thm the viewing regton having said first 
wavelength. 

9. A flange detector apparatus according to claim 7 or claim 8, wherein the first 

wavelength in substantial!}' 4.3 um. 

10 A flame detector apparaUzs according to any of claims 2 to 9. further including a 
second focussed array based sensor responsive to radiation having a predefined 
wavelength which is different from that of said first focused aaay based sensor. 

,1 \ name detector apparatus according to any of the preceding claims, farther 
including an unfocussed ^■olumetric sensor ^vhich measures the intensity of short 

\\'avelength or visible radiation. 

P A flame detector according to any of the preceding claims, further including at 
least one sensor for monitonng at least one of the acmal temperamre, the rate of nse of 
temperature and the %-ibration within the monitored area. 

, . X method of detecting a flame compnsmg the steps of measunng the intensity- of 
radiation havma a first wavelength within a monitored region, measuring the intensity- of 
radiation havm, a second wavelength withm the monitored region, calculating the 
spectral ratio of the intensity of the radiation having the first wavelength to the intensity- 
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of a,e ,-ad,at,on ha^.n, ,he second wave and companng U to a predefined threshold value 
,nd,catn.-e of the presence of a Han.e, generat.ng an ,n.age of the mfra-red ra<i,at,on wUhtn 
the mon.torcd region, analystng the ,r.«ge for features ,nd,cat,ve of the presence of a 
name wuhtn the monttored regton, and actnat,ng an ala,™ .f the results of the spectral 
rat,o analyses and the tntage analysis fit a predefined profile ,nd,cat,ve of the presence of 
a flame. 

,4. A method of detecting a fiame according to elatm 13, where.n sa.d first 

wavelength is 4.3 yim. 

15. A method of detectrng a fiame according to clarnt 13 or clatm 14, whcrett. satd 

second wavelength is 5.5 ^im. 

15 A method of detecting a flame according to any of clarms 12 to 14, wherem sa.d 
,n.lys,s of the tmage includes dtscemtng the number of separate dj-namtc rad.at,on 
sources present ,n the v.ew,t.g area and analysing at least one of the shape, movement and 
intensity of each source for predefined flame-hke qualities. 

16 A method of detecting a fiame according to any of claims 12 to 15, further 
including the steps of measuring at least one of the actual temperature, the rate of nse of 
temperature and the vibration w,th,n the monitored reg.on and analysing the 
characteristics thereof for behaviour indicative of the presence of a fiame. 

,7 A method of detecting a fiame according to any of claims 12 to 16, further 
including the step of measuring the intensity of at least one of the shon wavelength 
radiat.on and v.s,ble radiation within the monitored area and analysing the profile thereof 
for characteristics ,ndlcat.^•e of a non-flame radiation source. 
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18. A flame detection apparatus substantially as herem described with reterence to the 
acconipanymg drawings. 

1 9. A method of detecting a Hame substantially as herein described with reference to 
the accompan\'ing dra^^•ings. 
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